S3
3H, 2-H, CH 2 ), 7. 6H, mCH, pCH ar Ph), .69 m, 4H, oCH ar Ph); 13 C NMR (100 MHz, CDCl 3 ): δ = 0.1 (TMS), 9.2 (3-CH 3 ), 17.2 (5-CH 3 ), 19.2 (C(CH 3 ) 3 ), 26.8 (C(CH 3 ) 3 ), 32.0 (C-5), 35.8 (C-3), 65.9 (CH 2 ), 73.9 (C-4), 74.4 (C-2), 87.2 (C≡CTMS), 108.5 (C≡CTMS), 127.7, 129.8, 133.1, 135.5 
(4S,5R,6R)-6-((tert-Butyldiphenylsilyloxy)methyl)-4-((S)-(trimethylsilyl)but-3-yn-2-yl)-2,2,5-trimethyl-1,3-dioxane (9).
To a solution of diol 8 (2.88 g, 5.97 mmol) in a mixture of abs. CH 2 Cl 2 (8.0 mL) and 2,2-dimethoxypropane (3.0 mL) was added CSA (0.139 g, 0.60 mmol, 10 mol%) and the resulting solution stirred for 24 h at ambient temperature. After this time, the reaction mixture was diluted with CH 2 Cl 2 (30 mL) and shaken with NaHCO 3 solution (10 mL). The aqueous layer was extracted with CH 2 Cl 2 (15 mL). The combined organic layers were washed with saturated NaCl solution (50 mL), dried over Na 2 SO 4 , filtered, and concentrated in vacuo. The residue was purified by flash chromatography (petroleum ether/EtOAc, 40:1) to give acetonide 9 (2.32 g, 82%) as a colorless oil. R f (petroleum ether/EtOAc, 20:1) 0.43; [α] D 20 +25.8 (c 8.2, CH 2 Cl 2 ); 1 H NMR (400 MHz, CDCl 3 ): δ = 0.13 (s, 9H, TMS), 0.74 (d, J = 6.6 Hz, 3H, 5-CH 3 ), 1.05-1.06 (m, 12H, C(CH 3 ) 3 , 2'-CH 3 ), 1.37 (s, 6H, 2-CH 3 ), 1.70 (app. ddq, J = 13.6, 11.2, 6.7 Hz, 1H, 5-H), 2.48 (app. dq, J = 10.7, 6.7 Hz, 1H, 2'-H), 3.37 (dd, J = 6.7, 3.9 Hz, 1H, 4-H), 3.58-3.66 (m, 2H, CH 2 , 6-H), 3.71-3.76 (m, 1H, CH 2 ), 7.35-7.45 (m, 6H, mCH, pCH ar Ph), 7.68-7.70 (m, 4H, oCH ar Ph); 13 C NMR (100 MHz, CDCl 3 ): δ = 0.2 (TMS), 11.4 (5-CH 3 ), 16.5 (2'-CH 3 ), 19.3 (C(CH 3 ) 3 ), 23.7 (2-CH 3 ), 24.9 (2-CH 3 ), 26.8 (C(CH 3 ) 3 ), 28.1 (C-2'), 34.1 (C-5), 65.9 (CH 2 ), 72.5 (C-6), 75.9 (C-4), 84.4 (C≡CTMS), 101.1 (C-2), 109.5 (C≡CTMS), 127.6, 129.6 × 2, 133.6, 133.8, 135 .7 (C of SiPh 2 ); HRMS (ESI): [M+Na] + calcd for C 31 H 46 O 3 Si 2 Na 545.28777, found 545.288039. 
(4S,5R,6R)-4-((S)-But-3-yn-2-yl)-6-((tert-butyldiphenylsilyloxy)-2,2,5-trimethyl-1,3-dioxane (10).
A solution of acetonide 9 (0.082 g, 0.16 mmol) in dry MeOH (2.0 mL) and K 2 CO 3 (0.044 g, 0.32 mmol) was stirred for 12 h at room temperature. Thereafter, the reaction mixture was poured into a separatory funnel containing saturated NH 4 Cl (5 mL) solution and Et 2 O (10 mL). The water layer was extracted with Et 2 O (2 × 20 mL). The combined organic layers were dried over MgSO 4 , filtered, and the solvent was evaporated to give alkyne 10 (0.069 g, 97%) as a colorless oil. The resulting compound was pure enough to be used for the next step. 5-H), 2.03 (d, J = 2.0 Hz, 1H, 4'-H), 2.50 (m, 1H, 2'-H), 3.38 (dd, J = 6.7, 4.0 Hz, 1H, 2H, CH 2 ), 1H, CH 2 ), 6H, mCH, pCH ar Ph), (m, 4H, oCH ar Ph); 13 C NMR (100 MHz, CDCl 3 ): δ = 11.5 (5-CH 3 ), 16.7 (2'-CH 3 ), 19.3 (C(CH 3 ) 3 ), 23.7 (2-CH 3 ), 24.9 (2-CH 3 ), 26.8 (C(CH 3 ) 3 ), 27.1 (C-5), 34.1 (C-2'), 65.9 (CH 2 ), 68.6 (C-3'), 72.3 (C-6), 75.8 (C-4), 86.8 (C-4'), 101.1 (C-2), 127.6, 129.6 × 2, 133.6, 133.7, 135.7 ): δ = 0.77 (d, J = 6.9 Hz, 3H, 3-CH 3 ), 0.89 (d, J = 6.9 Hz, 3H, 5'-CH 3 ), 1.05 (s, 9H, C(CH 3 ) 3 ), 1.24 (s, 3H, 2'-CH 3 ), 1.28 (s, 3H, 2'-CH 3 ), 1.72 (app. td, J = 6.9, 6.9, 4.5 Hz, 1H, 5'-H), 2.14 (s, 3H, 2-CH 3 ), 2.67 (app. dq, J = 10.9, 6.9, 6.9, 6.9 Hz, 1H, 3-H), 3.37 (app. td J = 6.7, 6.7, 4.1 Hz, 1H, 6'-H), 3.70 (m, 2H, CH 2 OTBDPS), 3.83 (dd, J = 10.7, 4.3 Hz, 1H, 4'-H), 7.35-7.43 (m, 6H, mCH, pCH ar Ph), 7.68-7.69 (m, 4H, oCH ar Ph); 13 C NMR (100 MHz, CDCl 3 ): δ = 11.8 (5'-CH 3 ), 12.3 (3-CH 3 ), 19.3 (C(CH 3 ) 3 ), 23.6 (2'-CH 3 ), 24.9 (2'-CH 3 ), 26.8 (C(CH 3 ) 3 ), 30.2 (2-CH 3 ), 33.4 (C-5'), 46.6 (C-3), 65.9 (CH 2 ), 71.2 (C-6'), 75.8 (C-4'), 100.7 (C-2'), 127.6, 129.6 × 2, 133.6, 133.7, 135.7 Tebbe olefination: A solution of ketone 11 (0.577 g, 1.2 mmol) in abs. THF (4.0 mL) was cooled to -40 °C. Then a solution of Tebbe reagent 3 (6.70 mL, 4.8 mmol, 1.0M in toluene) was added dropwise. After complete addition (ca. 20 min), the cooling bath was removed and stirring continued for an additional h. The reaction mixture was diluted with Et 2 O (10 mL), and then 1N NaOH (ca. 2 mL) was added very slowly, followed by anhydrous Na 2 SO 4 (for drying). The S5 resulting suspension was transferred onto a wet silica column (ca. 10 cm long) and eluted with a petroleum ether/EtOAc mixture (40:1) to give Tebbe olefination product (0.527 g, 92%, R f 0.28, petroleum ether/EtOAc, 40:1) which was pure enough to be used for the next step. Deprotection: To cooled solution (ice/salt bath) of foregoing silyl ether in abs. THF (5 mL) was added TBAF·3H 2 O in one portion followed by stirring of the resulting solution for 12 h. Saturated NH 4 Cl solution was added, the layers were separated, and the aqueous layer extracted with EtOAc (3 × 5 mL). The combined organics layers were washed with saturated NaCl solution, dried over MgSO 4 , filtered, and the filtrate concentrated in vacuo. The residue was purified via flash chromatography (petroleum ether/EtOAc, 5:1) to give alcohol 12 (0.30 g, 85%, 78% over 2 steps To a cooled solution (ice/salt bath) of alcohol 12 (0.290 g, 1.27 mmol) in abs. CH 2 Cl 2 (2.0 mL) were added solid NaHCO 3 (0.640 g, 7.62 mmol) and Dess-Martin periodinane (0.638 g, 1.52 mmol). After being stirred for 20 min, the cooling bath was removed and the mixture stirred for additional 2 h. After this time, the resulting suspension was transferred to a beaker, which already contained a mixture of saturated solutions of Na 2 S 2 O 3 and NaHCO 3 (1:1, 5 mL). This mixture was stirred for 10 min and then extracted with CH 2 Cl 2 (3 × 10 mL). The combined organic layers were washed with saturated NaCl solution, dried with Na 2 SO 4 , filtered, and concentrated in vacuo to give the corresponding aldehyde and white solids, which were removed by filtration through a cotton plug and washing with Et 2 O (ca. 3 mL). R f (petroleum ether/EtOAc, 5:1) 0.57. Alkyne formation: To a solution of the foregoing aldehyde in MeOH (5 mL) was added diethyl-1-diazo-2-oxopropylphosphonate 4 (0.620 g, 2.54 mmol) and K 2 CO 3 (0.701 g, 5.01 mmol). The resulting yellow solution was stirred for 6 h at room temperature. The reaction mixture was diluted with Et 2 O (20 mL) and washed with an aqueous 5% NaHCO 3 solution. The layers were separated and the organic layer was washed with saturated NaCl solution and dried over Na 2 SO 4 . After filtration and evaporation of the solvent, the residue was purified by flash chromatography (petroleum ether/EtOAc, 80:1) to give alkyne 4 (0.113 g, 40% over 2 steps) as a colorless oil. 1.92 (app. qt, J = 6.9, 6.9, 6.9, 3.7, 3.5 Hz, 1H, Then finely powdered PPh 3 (0.085 g, 0.32 mmol, 5 mol%) was added under a slight flow of nitrogen. The resulting yellow solution was stirred for ca. 5 min. In separate flasks solutions of (R)-mesylate 7 (2.13 g, 9.67 mmol) and aldehyde 5 13 (1.42 g, 6.45 mmol) were prepared (both containing 1.5 mL of abs. THF). Then both solutions were added dropwise to a solution of prepared catalyst at the same time. The yellow solution was stirred for 20 min at -78 °C before Et 2 Zn (19.4 mL, 19.3 mmol, 1.0M in THF) was introduced over 30 min using syringe pump. After complete addition, the reaction mixture was allowed to warm to -5 °C (the cooling machine was switched off: within ca. 50 min the reaction mixture reached -5 °C) and stirred for ca. 1 d (TLC and HPLC monitoring). During this time the color changed to dark brown. For the work-up saturated NH 4 Cl solution (ca. 100 mL) was added dropwise directly to the reaction mixture. After the mixture was warmed to room temperature, the layers were separated and the aqueous layer extracted with Et 2 O (3 × 30 mL). The combined organic layers were washed with saturated NaCl solution and dried over Na 2 SO 4 containing norite decolorizing charcoal. After filtration and evaporation of solvents, the residue was purified by flash chromatography (petroleum ether/EtOAc, 5:1) to give alcohol 14 (1.30 g, 58%) as a colorless oil. 
15
((3S,4S,E)-4-tert-Butyldimethylsilyloxy-7-(4-methoxybenzyloxy)-3,5-dimethylhept-5-en-1-ynyl)trimethylsilane (15). Alcohol 14 (1.12 g, 3.23 mmol) was dissolved in abs. CH 2 Cl 2 (15 mL) and cooled to -50 °C. 2,6-Lutidine (1.12 mL, 9.7 mmol) was added followed by TBSOTf (0.97 mL, 4.2 mmol). The cooling bath was removed and the mixture allowed to stir overnight. Then it was diluted with water and extracted with CH 2 Cl 2 (3 × 10 mL). The combined organic extracts were washed with 1N HCl solution, saturated solutions of NaHCO 3 (20 mL) and NaCl (20 mL 
1-(((2E,4S,5S,6Z)-4-tert-Butyldimethylsilyloxy-7-iodo-3,5-dimethylhepta-2,6-dienyloxy)methyl)-4-methoxybenzene (5).
Iodination: To a solution of silyl acetylene 15 (0.627 g, 1.36 mmol) in dry DMF (2 mL) were added NIS (0.470 g, 1.92 mmol) and AgNO 3 (0.054 g, 0.32 mmol). The resulting solution was protected from light and stirred for 5 h at ambient temperature. Then the reaction mixture was diluted with EtOAc (20 mL), washed with water (2 × 10 mL), dried over NaSO 4 , filtered, and concentrated in vacuo. The residue was purified by flash chromatography (petroleum ether/EtOAc, 40:1) to give the corresponding iodoalkyne (0.767 g, 94%) as slightly yellow oil. It was introduced directly to the next step. Z-selective reduction: To a solution of the foregoing iodoalkyne (0.767 g, 1.49 mmol) in abs. MeOH (6.0 mL) were added pyridine (0.725 mL, 8.95 mmol) and KO 2 CN=NCO 2 K (1.49 g, 7.45 mmol) followed by the slow addition of acetic acid (0.5 mL, 8.95 mmol) over 6 h (syringe pump used). After this time, the mixture was diluted with EtOAc (20 mL), washed with water (2 × 20 mL), saturated NaHCO 3 and saturated NaCl solutions. The organic layer was dried over Na 2 SO 4 , filtered, and concentrated in vacuo. 
Methyl (3S)-3-hydroxypentanoate 6 (16).
A solution of benzeneruthenium(II) chloride (38.3 mg, 0.076 mmol, 0.0002 equiv) and (S)-BINAP (100.0 mg, 0.161 mmol, 0.0004 equiv) in dry degassed DMF (4.7 mL) was stirred for 10 min at 100 °C until a clear red-brown solution appears. The reaction mixture was cooled to 50 °C and the solvent was removed in high vacuum under vigorously stirring. The red-brown residue was dried in high vacuum for 1 h before a solution of methyl-3-oxo-pentanoate (47.0 g, 0.391 mol, 1.0 equiv) in degassed methanol (47 mL) was added. The resulting yellow-orange solution was degassed again three times and the mixture was set under hydrogen atmosphere (6 bar) at 100 °C for 16 h under vigorously stirring. The dark-orange solution was concentrated in vacuo. Methyl (2S,3S)-3-hydroxy-2-methylpentanoate 7 (17). To a cooled (-10 °C) solution of diisopropylamine (46.8 mL, 0.333 mol, 2.2 equiv) in dry THF (60 mL) was added nBuLi (127 mL, 0.318 mmol, 2.5M in hexane, 2.1 equiv) dropwise under nitrogen atmosphere and the resulting yellow solution was stirred for 30 min at -10 °C. The mixture was cooled to -60 °C and a solution of hydroxy ester 16 (20.0 g, 151 mmol, 1.0 equiv) in dry THF (60 mL) was added dropwise. The reaction was stirred at -30 °C for 1 h, and was then cooled to -80 °C before HMPA (30 mL) was added followed by dropwise addition of a solution of methyl iodide (13.26 mL, 212.0 mmol, 1.4 equiv) in HMPA (50 mL) over 40 min. The reaction mixture was stirred at -60 °C for 2 h and the mixture allowed to warm to room temperature overnight. The mixture was poured into precooled HCl solution (1M, 300 mL). After separation of the layers, the aqueous phase was extracted with Et 2 O (3 × 300 mL). The combined organic layers were washed with saturated NaCl solution (30 mL), dried over MgSO 4 , filtered and concentrated in vacuo. Purification by flash chromatography (petroleum ether/diethylether, 3:1) afforded 2-methyl-3-hydroxy ester 17 (15.3 g, 70%) (1S,2S)-5-(Benzyloxy)-1-ethyl-2-methyl-3-oxopentyl bromoacetate (23). To a cooled (−78 °C) solution of hydroxyketone 22 (1.50 g, 6.0 mmol, 1.0 equiv), pyridine (0.72 mL, 9.0 mmol, 1.5 equiv) and DMAP (73.3 mg, 0.60 mmol, 0.1 equiv) in dry CH 2 Cl 2 was added bromoacetyl chloride (0.95 mL, 9.0 mmol, 1.5 equiv) dropwise under nitrogen atmosphere and the mixture was stirred for 15 min at −78 °C. Then the mixture was allowed to warm to −10 °C within 1 h, before water (100 mL) and CH 2 Cl 2 (100 mL) were added. After separation of the layers, the aqueous phase was extracted with CH 2 Cl 2 (3 × 100 mL). The combined organic layers were washed with saturated NaCl solution (50 mL 13 C NMR (100 MHz, CDCl 3 ): δ = 8.9 (C-2'), 11.9 (2-CH 3 ), 23.6 (C-1'), 25.7 (CH 2 Br), 42.1 (C-4), 49.2 (C-2), 65.0 (C-5), 73.3 (CH 2 Ph), 77.6 (C-1), 127.7 (ar-C), 128.4 (ar-C), 138.0 (ar-C), 166.6 (CO 2 ), 209.6 (C-3) (4S,5S,6S)-4-(2-(Benzyloxy)ethyl)-6-ethyl-4-hydroxy-5-methyl-tetrahydropyran-2-one (24) . To a cooled (0 °C) black suspension of samarium (4.96 g, 33.0 mmol, 5.5 equiv) in dry THF (70 mL) was added diiodomethane (2.41 mL, 30.0 mmol, 5.0 equiv) dropwise under nitrogen atmosphere and the mixture was stirred for 2.5 h at ambient temperature. The green-blue suspension was cooled to −78 °C and a solution of bromide 23 (2.22 g, 6.0 mmol, 1.0 equiv) in dry THF (30 mL) was added dropwise. The resulting yellow-green suspension was stirred for 15 min at −78 °C, before saturated NH 4 Cl solution (150 mL 4S,5S,6S)-6-Ethyl-4-(2-hydroxyethyl)-5-methyl-4-(trimethylsilyloxy)-tetrahydropyran-2-one  (26). To a solution of benzyl ether 25 (1.2 g, 3. 30 mmol, 1.0 equiv) in dry THF (20 mL) was added a catalytic amount of palladium on charcoal (10% Pd/C). The black reaction mixture was stirred vigorously under a balloon of hydrogen at room temperature. After 2 h the reaction mixture was filtered through a pad of celite, the filter cake was washed with THF (total 200 mL) and the filtrate concentrated in vacuo. 13 (s, 9H, Si(CH 3 ) 3 ), 1.00 (d, J = 6.6 Hz, 3H, 5-CH 3 ), 1.02 (t, J = 7.5 Hz, 3H, 2'-H), 1.51-1.64 (m, 1H, CH 2 CH 3 ), 1.65-1.76 (m, 1H, 5-H), 1.87 (dq, J = 14.8, 7.5 Hz, 1H, CH 2 CH 3 ), 2.03 (dt, J = 12.8, 4.6 Hz, 1H, 1'-H), 2.29 (dq, J = 12.9, 5.1 Hz, 1H, 1'-H), 2.68 (dd, J = 22.7, 17.2 Hz, 2H, 3.16 (dt, J = 12.6, 4.6 Hz, 3.39 (dt, J = 12.5, 4.8, 1H, 1H, 5H, 
